In order to determine an upper bound for the mass of the massive compact halo objets (MACHOs) we use the halo binaries contained in a recent catalog (Allen & Monroy-Rodríguez 2013) . To dynamically model their interactions with massive perturbers a Monte Carlo simulation is conducted, using an impulsive approximation method and assuming a galactic halo constituted by massive particles of a characteristic mass. The results of such simulations are compared with several subsamples of our improved catalog of candidate halo wide binaries. In accordance with Quinn et al. (2009) we also find our results to be very sensitive to the widest binaries. However, our larger sample, together with the fact that we can obtain galactic orbits for 150 of our systems, allows a more reliable estimate of the maximum MACHO mass than that obtained previously. If we employ the entire sample of 211 candidate halo stars we obtain an upper limit of 112 M ⊙ . However, using the 150 binaries in our catalog with computed galactic orbits we are able to refine our fitting criteria. Thus, for the 100 most halo-like binaries we obtain a maximum MACHO mass of 21 − 68 M ⊙ . Furthermore, we can estimate the dynamical effects of the galactic disk using binary samples that spend progressively shorter times within the disk. By extrapolating the limits obtained for our most reliable -albeit smallest-sample we find that as the time spent within the disk tends to zero the upper bound of the MACHO mass tends to less than 5 M ⊙ . The non-uniform density of the halo has also been taken into account, but the limit obtained, less than 5 M ⊙ , does not differ much from the previous one. Together with microlensing studies that provide lower limits on the MACHO mass, our results essentially exclude the existence of such objects in the galactic halo.
Introduction
Disk and halo binaries are relevant to the understanding of processes of star formation and early dynamical evolution. In particular, the orbital properties of the wide binaries remain unchanged after their formation, except for the effects of their interaction with perturbing masses encountered during their lifetimes, as they travel in the galactic environment. The widest binaries are quite fragile and easily disrupted by encounters with various perturbers, be they stars, molecular clouds, spiral arms or MACHOs (massive compact halo objects). For this reason, they can be used as probes to establish the properties of such perturbers. The use of wide binaries as sensors of the dynamical effects of perturbers in the galactic halo has been the subject of several studies (Yoo et al. 2004 , Quinn et al 2009 ). An interesting application of halo wide binaries was proposed by Yoo et al. (2004) who used 90 halo binaries from the catalog of . To try to detect the signature of disruptive effects of MACHOs in their widest binaries. They were able to constrain the masses of such perturbers to M < 43 M ⊙ , practically excluding MACHOs from the galactic halo, since a lower limit of about 30 M ⊙ is found by other studies (Tisserand et al. 2007 , Wyrzykowski et al. 2008 ). However, as was shown a few years later by Quinn et al. (2009) this result depends critically on the widest binaries of their sample, as well as on the observed distribution of the angular separations which, according to Chanamé & Gould, shows no discernible cutoff between 3.5 ′′ and 900 ′′ . Quinn et al. (2009) obtained radial velocities for both components of four of the widest binaries in the Chanamé & Gould catalog and found concordant values for three of them, thus establishing their physical nature. The fourth binary turned out to be optical, resulting from the random association of two unrelated stars. Quinn et al. excluded this spurious pair from their study. They assumed a power law distribution for the initial binary projected separation and varied the exponent over a wide range. They evolved the distributions and compared their results with the distribution of the observed projected separations, attempting a best fit of the models to the observed distribution. Quinn et al. found a limit for the masses of the MACHOs of M < 500 M ⊙ , much less stringent than that previously obtained. They concluded rather pessimistically that the currently available wide binary sample is too small to place meaningful constraints on the MACHO masses. They also pointed out that the density of perturbers encountered by the binaries along their galactic orbits is variable, and that this variation should be taken into account when calculating constraints on MACHO masses.
Motivated by these concerns, we have constructed a catalog of 211 candidate halo wide binaries (Allen & Monroy-Rodríguez 2013) , and computed galactic orbits for 150 such binaries. The orbits allowed us to establish the fraction of its lifetime each binary spends within the galactic disk and thus to estimate the dynamical effects of the passage of the binary through the disk. The orbits also allow us to estimate the effects of the variable halo density encountered by the binaries along their galactic trajectories. We stress that for a total of 9 of the widest binaries concordant radial velocities for both components were found in the literature, thus confirming their physical association. The radial velocities of both components of these pairs were found to be equal within the published observational uncertainties. A more sophisticated analysis was not attempted because the random association of two unrelated stars will most probably result in grossly discrepant radial velocities. Inspection of Table 1 in Quinn et al. (2009) shows that, indeed, the radial velocities of their three physical pairs are equal within the stated uncertainties, whereas the components of the non-physical pair have radial velocities differing by almost 80 km/s.
The dynamical model
To model the dynamical evolution of our sample of halo wide binaries we follow closely the procedure of Yoo et al. (2004) . In this approach, the impulse approximation is used, and effects of large-scale galactic tides and molecular clouds are neglected. Yoo et al. (2004) give a detailed description of the impulse approximation. Dissolved binaries are eliminated from the modelled population. The galactic mass distribution is assumed to be constant over time. Thus, the effects of major mergers are ignored. Such mergers would possibly be quite destructive of fragile systems such as wide binaries. On the other hand, they could also be a source of fresh wide binaries acquired by our Galaxy (Allen et al. 2006) . The dynamical and merger history of our galaxy is at present too poorly known to take into account in our model.
We initially assume a constant halo density, and attribute to the MACHOs the total local halo density, taken as ρ = 0.007 M ⊙ /pc 3 . This value is taken from Allen & Santillán (1991) mass model, for consistency with the computed galactic orbits of the wide binaries. It is quite similar to the values used by Yoo et al. (2004) and Quinn et al (2009) . It also agrees with the value obtained by Widrow et al. (2008) . We then evaluate the effects of the 100 closest encounters in the tidal regime, and compute the cumulative effects of weak encounters in the Coulomb regime.
We start the Monte Carlo simulations by drawing initial semiaxes uniformly from a power law distribution with an arbitrary exponent, and with separations between 10 AU and 300 000 AU The mass of each binary component is taken as 0.5 M ⊙ , and the velocity distribution of the perturbers is assumed to be isotropic with a dispersion of 200 km/s in each component, appropriate for halo objects. In each model simulation we let 100 000 binary systems evolve for 10 Gy. For each model (with a fixed MACHO mass M and a fixed local halo density), we construct a scattering matrix to simultaneously investigate large sets of initial power law distributions. This scattering matrix gives the probability that a binary with initial semiaxis a will have a semiaxis a ′ after 10 Gyr of evolution. For each model we generate a virtual binary sample with the same number of binaries as the observed sample, that is, such that the number of binaries with major semiaxes between a min and a max is equal to the observed number of binaries within these limits. These limits will be different for the different subsamples used to estimate the maximum MACHO mass. The virtual binary samples resulting from the evolved model are then compared with the observed samples of binaries. For the comparison with the binned observational data, each bin of virtual binaries is taken as the centroid of the corresponding group of model binaries, comprising about 10,000 binaries. For comparison with the unbinned observational data each virtual binary is constructed as the centroid of more than 500 evolved binaries (for the comparison with the 100 most halo-like binaries), and more than 2600 (for comparing with the 25 most halo-like binaries). In all cases, therefore, each virtual binary represents a sufficiently large number of evolved model binaries, and hence sampling errors are negligible.
The goodness of fit is evaluated by minimizing the dispersion, σ defined as:
where a obs , a virtual are the expected major semiaxes of the observed and the virtual binary, respectively, and N is the number of binaries in the sample. For the purpose of comparing our results with previous ones, we also computed the σ from a maximum likelihood estimate, adhering to the definition of σ used by Quinn et al (2008) . We stress that the distributions of semiaxes of the simulated and the observed binary samples are compared directly. Previous work (Yoo & Chaname, Quinn et al. 2009 ) fitted the observed projected separations. Since distances are available for all our binaries, we prefer to compare directly the resulting model distribution of major semiaxes with the observed one, calculated from the angular separations and the individual distances. Projection effects are taken into account by means of the widely used statistical formula (Couteau 1960 ):
This formula was derived theoretically, and includes the eccentricity distribution of the binaries, as well as projection effects. Here, a represents the expected value of the major semiaxis a and s the angular separation. A more recent empirical study (Bartkevicius 2008) compares the angular separations with the major semiaxes for systems from the Catalog of Orbits of Visual Binaries (Hartkopf & Mason 2007) . The results obtained vary somewhat according to the data used for the separations s, either from "first" or "last" observations in the WDS (Mason et al. 2001) , or from the orbit catalog ephemerides, the latter deemed to provide the most reliable value, namely: log a − log s = 0.112.
In spite of the rather large uncertainties of the latter values, we shall use both estimates to compute the maximum MACHO masses.
The individual distances to the binaries used to convert separations in arcsec into separations in AU and then into expected major semiaxes have, of course observational uncertainties. Since the groups of binaries we will use to determine maximum MACHO masses contain binaries from different sources, we can only provide an estimated average uncertainty for the distances, trying to err on the conservative side. In our catalog, we adopted the distances given in the Hipparcos catalog when their parallax errors were less than 15%, Otherwise we adopted, in order of preference, the Strömgren photometric distances given in the lists of Nissen & Schuster (1991) , those obtained with the polynomial of Chanamé & Gould, using their photometry, or the spectroscopically derived distances of Ryan (1992) and Zapatero-Osorio & Martin (2004) . Most of our binaries should have distance errors of less than about 15%.
To obtain the values of the power-law exponent and the maximum MACHO mass compatible with the observations we proceed as follows. We start by assuming the mass of the perturbers to be zero, and multiply the scattering matrix by power laws, letting the exponent vary between −1 and −2 (in increments of 0.01), until the best fit of the virtual binary sample to the observed distribution is found, where by "best fit" we mean the fit that minimizes the dispersion σ, as defined above. This fit is characterized by a dispersion σ = σ 0 . Then we repeat the procedure, increasing the perturber mass in increments of 1 M ⊙ , until a fit is obtained with a σ = 2σ 0 , which we take as still acceptable. This yields a more conservative estimate of the maximum MACHO mass, but still compatible (within 2σ 0 ) with the observations. Our implementation of the dynamical model was tested by applying it to the binary samples studied by Yoo et al. (2004) and Quinn et al. (2009) . Figure 1 shows the results of applying our dynamical model to the binaries of Yoo et al. Qualitatively, it is seen that perturber masses of 1000 M ⊙ and 100 M ⊙ appear to be excessive, while perturber masses of 10 M ⊙ are insufficient to account for the observed distribution. This figure shows results very similar to those of previous studies (see e.g. Figure 1 also shows that the horizontal line (exponent -1) represents the initial -unevolveddistribution which has to evolve farthest in order to fit the observed distribution, that is, that which needs the largest mass of perturbers to conform with observations. In this sense, taking an initial distribution with a -1 exponent yields the most conservative estimate for the perturber mass, i.e. the largest MACHO mass. Figure 2 shows the exclusion contours we obtain by applying our model to the Yoo et al. and Quinn et al. samples. Since we are comparing semiaxes instead of projected angular separations an exact match is not to be expected. Nonetheless our results closely agree with previous ones, specially in the region of large halo densities and small perturber masses, which is the interesting one.
The range of exponents considered for the initial power law distribution of our model binaries amply covers the observationally found ones. So, for example, Poveda et al. (1994 Poveda et al. ( , 1997 Poveda et al. ( , 2003 Poveda et al. ( , 2004 find -1 but up to different limiting semiaxes according tto the age of the binaries; finally, Allen et al. (2000) find −1 for their high-velocity metal-poor binaries, but also only up to different limiting semiaxes, according to the time spent by the binaries within the galactic disk.
Furthermore, as pointed out by also by Quinn et al., there are both theoretical and observational reasons to justify the assumption of an exponent −1 for the unevolved distribution. Indeed, Valtonen (1997) showed Oepik's distribution to correspond to dynamical equilibrium, and it has been found to hold for many different samples of wide binaries of different ages and provenances (Poveda et al. 2006 , Sesar et al. 2008 , Lepine & Bongiorno 2007 , Allen et al. 2000 . In the accompanying paper (Allen & Monroy-Rodríguez 2013) we show that it holds for halo binaries up to different limiting semiaxes, according to the time the binaries spend within the galactic disk. For the most halo-like binaries, it holds up to expected semiaxes of 63,000 AU.
As pointed out by Quinn et al. the results are dependent on the definition of σ. We adhere to the definition of Quinn et al. to compare our results with theirs. However, we found that the maximum likelihood method does not give as good a resolution for the MACHO mass as that obtained using the ordinary dispersion σ as defined above, or using the KS indicator for the unbinned distributions, as we describe below.
The best fit between the virtual binary distribution and the observed one fixes the value of M, the mass of the perturbers. As explained above, the most conservative estimate (largest MACHO mass) is obtained for an exponent of −1, which corresponds to the Oepik distribution.
As an illustration, Figure 3 shows the results of the numerical simulation compared to the observed groups of the 100, 50 and 25 most halo-like binaries from our catalog. The frequency distribution of expected semiaxes is plotted in the vertical axis. The large dots indicate the observed distribution, with error bars corresponding to sampling errors. The horizontal line corresponds to an unevolved binary population with a power law exponent of −1. The dashed lines shows the best fit we obtain for the observed distribution, using two power laws for the unperturbed and perturbed part, respectively (see below). The figure shows qualitatively how, depending on the observed sample, the admissible perturber masses range from about 50 M ⊙ to less than 10 M ⊙ .
To construct Figure 3 , we started by fitting each observed sample with a power law of exponent α = −1 up to the value of the semiaxis where dissolution effects become noticeable. As shown in the companion paper (Allen & Monroy 2014 ) the Kolmogorov-Smirnov (KS) test shows this fit to be valid up to different values of the semiaxes. We refer to this region as the unperturbed region. For the perturbed region (larger values of the semiaxes) we use a steeper power-law fit. The KS test shows (see e.g. Figure 5 ) that using two power-law fits allows an excellent representation of the observed samples for the entire range of semiaxes.
The virtual binary samples obtained from the evolved model binaries are then compared with these fits. Figure 4 shows an example of the comparison with the samples of the 100, 50 and 25 most halo-like stars. The large dots represent the observed sample. The full squares were obtained by varying the perturber mass in intervals of 1 M ⊙ , until the standard deviation σ attained its minimum value; let this value be called σ 0 . We then continue increasing the perturber mass until a σ = 2σ 0 is reached, which we consider still acceptable and which is represented in Figure 4 by the empty triangles. This gives a conservative estimate the maximum permissible perturber mass. The right-hand panels show the result of applying the KS test to the fits. The KS indicator, Q, shows an excellent fit (large dots) to the full squares (corresponding to σ 0 ), and an acceptable fit (small dots) to the triangles (corresponding to 2σ 0 ) for all but the largest semiaxes.
To further refine our results we tried an alternative method. Figure 5 shows the result of applying the KS test to different observed samples, using two power-law fits for the unperturbed and perturbed regions, respectively. The figure shows an excellent agreement (Q = 1, as shown in the right hand scale) for the entire observed range of semiaxes.
We now compare the cumulative distribution of semiaxes of the virtual binaries obtained from the dynamical model to these fits, using again the KS test as criterion of goodness of fit and constructing the virtual binary samples as described above. Figure 6 illustrates the results we obtain for the 100, 50, and 25 most halo-like binaries. The full diamonds denote the observed samples, the crosses the best fits (which fix σ 0 ), and the empty triangles the still permissible fits (corresponding to 2σ 0 ). The goodness of these fits, as shown by the KS-indicator Q is displayed in the right hand scale of the panels. This methods avoids binning the data, and thus allows a better resolution. Even for the comparison with the 100 most halo-like stars, the statistical errors of the modeled binaries remain negligible, since each virtual binary is constructed as the centroid of more than 500 evolved model binaries.
Application to the improved catalog of candidate halo binaries
As shown above for three samples, we are now ready to apply our dynamical model to different subsets of binaries extracted from our catalog (Allen & Monroy 2013) . For this study we consider mainly the 150 binaries with computed galactic orbits. The galactocentric orbits were integrated using the standard 1991 Allen & Santillan (axysimmetric) galactic potential. Since very few orbits approach the zone of influence of the bar, an axisymmetric potential was found to be adequate. The orbits were integrated backwards in time for 10 Gyr. The relative energy error amounted to less than 10 −7 at the end of the integration. To establish membership to the halo we calculate the time the binary spends within the galactic disk (z = ±500 pc). In Table 1 we display our main results. The different samples of binaries listed in Column 1 are ordered by the time they spend in the disk. Thus, the first entry corresponds to the 25 most halo-like binaries, which spend an average of only 0.08 of their lifetimes in the disk. The second column lists the fraction of their lifetimes the binaries spend in the disk. Column 3 displays the upper limits obtained for the binned data for each group of binaries, with the fits performed to 2σ. Column 4 shows the limits obtained taking into account, on average, the variable halo density encountered by the binaries along their galactic trajectories. These two columns are labeled with the subscript b, to denote that the results were obtained from the binned data. Column 5 shows the MACHO mass limits we obtain using our alternative fitting method (KS) which avoids binning the data. Column 6 lists the corresponding results for a variable halo density. We shall further discuss these entries in Sections 4 and 5. Columns 5 and 6 are labelled KS, to denote that results were obtained using the KS method.
Estimate of the dynamical effect of the disk
We still have to take into account the dynamical interactions that the binaries experience during their passage through the galactic disk. These effects have not been considered in previous studies (Yoo et al. 2004; Quinn et al. 2009) . At this stage, we shall not attempt a full dynamical modeling, but instead roughly estimate the effects of the disk passages by studying groups of binaries that spend progressively smaller fractions of their lifetimes within the disk. These fractions were obtained from the galactic orbits computed with the Allen & Santillán (1991) mass model. The result of this estimate is shown in Figure 7 where we display the MACHO masses obtained by applying the dynamical model to the groups of binaries listed in Table 1 . The error bars in Fig. 7 represent an estimate of the effect of the distance errors of the observed samples. Since we order our binaries by the time they spend within the disk, only average values of the distance uncertainties can be given for each group. These averages translate into average uncertainties in the expected major semiaxes. We re-computed the dynamical models to obtain best fits with probable errors of 20% added to and subtracted from the expected semiaxes. We used these results to determine the error bars shown in Figure 7 . On average the maximum MACHO masses vary by about 20%, somewhat more than they do by adopting two alternative formulae for transforming the observed linear separations into expected major semiaxes. These results are displayed in Table  2 . Taking the last point in the graph, we find a maximum MACHO mass of less than 5 M ⊙ .
We remark that the smallest group, the 25 most halo-like binaries includes 6 very wide systems with concordant radial velocities, as reported in the literature. Therefore, their physical association can be considered as established. Five of these binaries are among the widest known, and thus particularly suitable for determining upper limits to the masses of the perturbers. Since the 25 most halo-like binaries form a very interesting group for further studies (especially, for determining the radial velocities of both components, and thus confirming -or not-their physical nature), we list them in Table 3 , along with their main characteristics.
Columns 1 and 2 contain the designation of the primary and secondary components, respectively, Column 3 lists our adopted distance. Columns 4 and 5 display the absolute visual magnitudes of the primary and secondary, respectively. Column 6 lists the projected separation in arcsec, Column 7 the expected value of the major semiaxis in AU. Column 8 displays the peculiar velocity of the binary, and Columns 9, 10 and 11 the main characteristics of its galactocentric orbit, namely, the maximum distance from the galaxtic center, the maximum distance from the galactic plane, and the eccentricity, respectively. In the last column we list the fraction of its lifetime spent by the binary in the galactic disk, that is, within z = ±500 pc.
Estimate of the effect of considering a non-uniform halo density
As was already pointed out by Quinn et al. the density of the halo cannot be assumed to be uniform. This is particularly relevant for galactic orbits that reach large apogalactic distances or large distances from the plane. To obtain a rough estimate of the effect of this non-uniform density on the computed mass limits, we calculated for each binary a time-averaged halo density over its galactic orbit, using the halo mass distribution of Allen & Santillán (1991) . Then, we averaged over the binaries in each studied group. The average densities turned out not to be very different from the density at the solar distance. This is due to the fact that, since the sample of binaries is restricted to nearby stars, orbits that reach large apogalactic distances also penetrate close to the galactic center, where they encounter large densities. Only a few binaries reaching large z−distances encounter considerably smaller average halo densities. As an aside, we point out that our orbit for NLTT 10536/10548 differs significantly from that plotted by Quinn et al. Our orbit reaches a z max of only 5.2 kpc, instead of the almost 40 kpc in Quinn et al. This may partially account for the differences in the average halo densities found by us, which are much less significant than those obtained by the former authors. The result of estimating the effects of a variable halo density is shown in Figure 8 , for the groups of binaries of Table 1. The figure shows the mass limits obtained as a function of the fraction of time spent in the disk for each group, for the averaged densities as described above and can be compared with Figure 7 . The fits to obtain the limiting masses were performed using the unbinned data sets. From the last point in the graphs it is seen that the limiting masses obtained are less than 5 M ⊙ . If we extrapolate to zero time spent in the disk we see that the maximum MACHO decreases to about 3 M ⊙ .
If instead of using the Couteau (1960) formula for transforming observed separations into expected major semiaxes we use the expression derived by Bartkevicius (2008) we obtain the results shown in Table 4 . The table shows that the derived limits increase somewhat, but this increase (on average about 5%) does not significantly alter the main conclusions of this study.
Finally Fig. 8 shows the exclusion contours resulting from the present study and obtained using the prescription of Quinn et al. (2009) . Our results, taken together with the microlensing data, practically exclude the presence of MACHOS in the galactic halo.
Summary and conclusions
From a catalog of 251 candidate halo wide binaries we have extracted different subgroups in order to determine upper bounds to the MACHO masses. For a group of 150 binaries it was possible to compute galactic orbits and thus to evaluate the time they spend within the galactic disk. We developed and validated a dynamical model for the evolution of wide halo binaries subject to perturbations by MACHOs. This model was applied to different subsamples from the catalog , thus allowing us to obtain as upper limits for the masses of MACHOs the following values:
From 211 systems likely to be halo binaries: 112 M ⊙ .
From 150 halo binaries with computed galactic orbits: 85 M ⊙ .
From 100 binaries that spend the smallest times within the disk (on average, half their lifetimes): 21 − 68 M ⊙ .
From the same 100 binaries, but taking into account the non-uniform halo density: 28−78 M ⊙ .
From the 25 most halo like binaries (those that spend on average 0.08 of their lifetimes within the disk): 3 − 12 M ⊙ .
MACHOs have been a strong candidate for the dark matter that appears to dominate the mass of galaxies, at least at large radii. Microlensing experiments (Tisserand et al. 2007 , Wyrzykowski et al. 2008 ) exclude baryonic MACHOs with masses in the range 10 −7 to 30 M ⊙ as dominant constituents of the dark matter halo. Other studies (Lacey & Ostriker 1985 , Rujula et al. 1992 have ruled out MACHO masses larger than about 10 6 M ⊙ . Wide binaries, as studied by Yoo et al. restricted the range of possible MACHO masses to 30 − 45 M ⊙ , but their results were shown by Quinn to critically depend on one of their widest binaries, which turned out to be spurious. Excluding this binary, Quinn et al. found a less stringent upper limit of about 500 M ⊙ .
In the present study we have used an expanded catalog of candidate halo wide binaries along with their galactic orbits to revise the limits for the MACHO masses. From different subsamples of binaries we obtain maximum MACHO masses ranging from 112 M ⊙ all the way down to less than 10 M ⊙ , The most stringent limits are obtained from the most halo-like sample of 25 wide binaries, a sample particularly suited for further studies. These results, once again, all but exclude the existence of MACHOs in the galactic halo.
We thank A. Poveda for fruitful discussions. MAMR is grateful to UNAM-DGEP for a graduate fellowship. We also thank two anonymous referees for their critique of the paper, which resulted in many improvements. The thick full line is our result for the same sample, using a fit to 2σ. Here again, the results agree well. Finally, the thick dotted line refers to the result of Quinn for 89 binaries, omitting one spurious pair. The concordance of previous results with our method applied to the same samples of binaries appears satisfactory, especially in the region of large halo densities and small perturber masses, which is the interesting region. Previous work dealt with projected angular separations. We deal with semiaxes, and therefore the results cannot be expected to be identical. , and corresponds to perturber masses of 16, 7 and 2 M ⊙ for the 100, 50 and 25 most halo-like stars, respectively. The triangles correspond to fits to 2σ 0 , which we still consider acceptable, and give more conservative estimates for the perturber mass: 21, 11 and 3 M ⊙ for the 100, 50 and 25 most halo-like stars, respectively. The right-hand panels display the results of applying the Kolmogorov-Smirnov test to these fits. The large dots correspond to the squares (σ 0 ) and show that the fit is excellent (Q = 1) for the entire range of semiaxes. The small dots correspond to the triangles (2σ 0 ) and show that the fit is still acceptable for all but the largest semiaxes. Fig. 5 .-Cumulative distributions of observed semiaxes for three samples of binaries from our catalogue, displayed by diamonds. The KS test was applied to both a single Oepik-like fit (exponent 1) and to a two-power law fit, with an Oepik like distribution for the unevolved region and a steeper power-law for he evolved region. The Q indicator for the single power-law fit, plotted on the right hand axis, shows an excellent fit for the unevolved region but drops after a certain value of the semiaxes (dashed lines). The two power-law fits are able to represent well the entire region, as shown by the empty squares and the Q indicator (full line). 
